). In addition, each of the zinc fingers converges well with a small r.m.s.d (Table S1 ).
The first zinc finger in AEBP2 (hereafter referred to as "ZF1"), containing residues Tyr261-His286, folds as a canonical Cys2His2 zinc finger architecture (Krishna et al., 2003) , beginning with a well-defined anti-parallel β-sheet (sheet 1, β1-β2, residues Tyr261-Asn262 and Cys271-Phe272), followed by an α helix (α1, residues Ser275-Ile285). The residues Asp288-Gln290 after ZF1 fold as a small helix, η1 (Fig. 1C ). In the second zinc finger domain (hereafter referred to as "ZF2"), excepting those with the α helix (α2, residues Gln312-Ser323), no β sheet was observed. The additional sequence Lys303-Tyr305 folds as a protruding outward loop (Fig. 1C) . Similar to ZF1, the third zinc finger domain (hereafter referred to as "ZF3") also forms a typical Cys2His2 zinc finger domain, with an α helix (α3, residues Gln342-His352) after a β-sheet (sheet 2, β3-β4, residues Phe328-Lys329 and Ser338-Phe339) (Fig. 1C) .
Myriad interactions observed between ZF1 and ZF2 created the two zinc fingers combined as a tCWCH2 architecture (Hatayama and Aruga, 2010) (hereafter referred to "ZF1-2"; Fig. 1D ). The van der Waals and hydrophobic interactions were observed between Cys264-Asp266 in ZF1 and Leu298-Lys300 in ZF2, contributing to inter zinc finger interactions. Moreover, the amide groups of Asp266 and Lys300 created hydrogen bonds with the carbonyl groups of L298 and Cys264, respectively (Fig. 1E) . A hydrophobic core was observed between α1 in ZF1 and α2 in ZF2, which further contributed to the tCWCH2 architecture made by ZF1 and ZF2. Val287, coming after α1, was surrounded by Leu315, Gln316, and Met319 from α2, together with Met319 from α2 interacting with Ile282 from α1 (Fig. 2F) . On the other end of the helix bundle, Ser 323 from α2 was surrounded by Leu278, Ala279 from α1 (Fig. 2G ). All the interactions mentioned above can also be confirmed with the observed NOE restraints. A total of 56 inter-zinc finger cross NOE peaks are observed between ZF1 and ZF2, which are summarized in Table S2 , with five representative columns presented in Fig. S2 .
Cys2His2 zinc finger domains are known as the most abundant DNA-binding motifs (Razin et al., 2012) . To validate whether AEBP2 ZF1-3 binds to double stranded DNA (dsDNA), we conducted fluorescence polarization assays with the 44-bp GC-rich, AT-rich and previously reported T1 dsDNA (Kim et al., 2009) . Unlike the positive control tzap zinc finger protein (Li et al., 2017) , which binds to all tested dsDNA, AEBP2 ZF1-3 does not interact with dsDNA under the same conditions tested (Fig. S3 ). AEBP2 ZF1-3 have also been tested with a G quadruplex sequence termed G3A4 reported previously bound to PRC2 complex (Wang et al., 2017) and also gets a negative results (Fig. S3) . The feature ZF1-3 does not interact with tested DNA is likely due to the following reasons (Fig. S4) . First, the residues located at positions −1, +2, +3 and +6 of AEBP2 ZF1 are Ser274, Pro276, Asp277 and Asp280, respectively, which are with negative charge. Second, with ZF1 and ZF2 combined as a tCWCH2 domain, although all potential DNA binding residues are exposed outside, AEBP2 ZF1-3 lacks the flexibility needed for DNA binding. Third, the linker between ZF1 and ZF2 was Structural and biochemical insights into human zinc finger protein LETTER significantly longer than and distinct from the canonical TGE (K/R)P sequences found in the DNA-binding ZFs, which are critical parameters for their DNA-binding affinities (Laity et al., 2000) . With longer linkers and insertion of extra sequence in ZF2, ZF1-3 may have functions other than DNA binding.
Previous research has shown that AEBP2 interacts with RBBP4 (Cao and Zhang, 2004) . Via the sequence alignments, we found a conserved RRK-rich motif (residues Lys379-Ser390, hereafter referred to "AEBP2 379-390 ") near after the three zinc fingers in AEBP2 (Figs. 1A and S1 ). To Determination of the affinity of AEBP2 ZF1-3 for RBBP4 of wild type and Glu126Ala/Asn128Ala/Glu179Ala mutation using ITC, respectively. Data were fitted to a one-site binding model using Origin 7. (E) The overlaid curves of apo RBBP4, apo AEBP2 ZF-RRK and mixture of RBBP4 with exccesive AEBP2 ZF-RRK by gel filtration assays on a same SuperdexTM 200 10/300 GL column.
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validate whether the RRK-rich motif of AEBP2 can bind RBBP4, we conducted an ITC experiment using synthetic AEBP2 379-390 peptide to titrate full-length RBBP4. RBBP4 binds to AEBP2 379-390 peptide with a dissociation constant (K d ) of 7.6 ± 0.6 μmol/L ( Fig. 2A) .
To provide structural insight into the recognition of AEBP2 379-390 by RBBP4, we sought to solve the structure of the complex by X-ray crystallography. After crystallographic screening, we obtained the co-crystal of RBBP4 in the complex with the AEBP2 379-390 peptide and determined its structure at a resolution of 2.15 Å (Table S3) . Nearly identical to the previously determined structures, RBBP4 has a seven-bladed β propeller fold, with a protruding N-terminal α helix (Fig. 2B ). In the complex structure, electron density corresponding to the first five residues (residues Lys379-Leu383) of AEBP2 379-390 peptide could be traced.
The peptide lies on the axis channel of the smaller surface of RBBP4 (Fig. 2B ). Arg380 inserts deeper into the axis channel of the smaller surface of RBBP4, with its side chain sandwiched by Tyr-181 and Phe-321 and with its guanidinium group creating electrostatic contact with Glu231. Lys382 binds to a well-defined cleft on the surface formed by blade 2 and 3 of RBBP4, with its ε-group specifically contacts with Glu126, Asn128, and Glu179. Moreover, Asn231 and Asn248 in RBBP4 create hydrogen bonds with the main chain amide group of Lys379.
To validate the crucial residues for conferring binding specificity, we conducted site-directed mutations in both RBBP4 and AEBP2 379-390 peptide (Fig. S5A) . ITC data demonstrated that binding affinities of AEBP2 [379] [380] [381] [382] [383] [384] [385] [386] [387] [388] [389] [390] peptide to the RBBP4 with mutations Glu231Ala and Glu126Ala/ Asn128Ala/Glu179Ala are reduced by 5-and 7-fold, respectively, compared with wild-type RBBP4 (Fig. S5A) . In contrast to wild-type AEBP2 379-390 peptide, the binding affinities of AEBP2 379-390 peptide with mutations Arg380Ala/ Lys382Ala to the RBBP4 were reduced by approximately 20-fold.
A similarly conserved R/K motif was found in FOG-1 (Lejon et al., 2011) , PHF6 (Liu et al., 2015) and histone H3 (Schmitges et al., 2011) (Fig. S5B) . Together with the two conserved arginines and lysines, there are always other residues assisting in the interactions, which provide a larger interface than AEBP2 [379] [380] [381] [382] [383] [384] [385] [386] [387] [388] [389] [390] (Fig. S4C) . For example, excepting Arg2 and Lys4, Ala7 and Lys9 of the N-terminal of histone H3 (residues 1-19) also contribute to the recognition to RBBP4. Given that H3 also participates in PRC2 regulation (Schmitges et al., 2011) , whether there is a competition for RBBP4-binding between AEBP2 and H3 remains an open question requiring further inquiry.
The binding interface between AEBP2 379-390 and RBBP4 is relatively small compared with PHF6, histone H3 and FOG-1, indicating that AEBP2 379-390 may not have been the only region that participates in RBBP4 recognition. To validate whether the three AEBP2 zinc fingers interacts with RBBP4, we conducted an ITC experiment with AEBP2 ZF1-3 titrating to RBBP4. Of note, the interaction between these two proteins was confirmed with a dissociation constant (K d ) of 10.1 ± 0.6 μmol/L (Fig. 2D) . Furthermore, we expressed the recombinant protein containing both ZF1-3 and the RRK-rich motif (residues Asn258-Asp396, hereafter referred to "ZF-RRK"). During gel filtration assays, a complex peak of RBBP4 bound to AEBP2 ZF-RRK was confirmed with overlaid curves of apo RBBP4 and apo AEBP2 ZF-RRK, together with corresponding SDS-PAGE (Figs. 2E and S6) . The mixture peak apex of RBBP4 bound to AEBP2 ZF-RRK is at 13.44 mL, with apo RBBP4 at 13.96 mL. The apo AEBP2 ZF-RRK peak is a little asymmetric and the peak apex is at 16.26 mL, which lags little behind the exclusive AEBP2 ZF-RRK (at 16.21 mL), which may be due to degradation.
To test whether ZF1-3 and RRK-rich motif bind to the distinct regions of RBBP4, we conducted ITC assays using AEBP2 ZF1-3 to titrate RBBP4 with Glu126Ala/Asn128Ala/ Glu179Ala mutation. AEBP2 ZF1-3 binds to RBBP4 Glu126Ala/Asn128Ala/Glu179Ala mutation with a dissociation constants (K d ) of 16.0 ± 0.4μmol/L, which is about 1.5 fold compared with the wild type (Fig. 2D) , indicating that ZF1-3 and RRK-rich motif bind distinct regions on RBBP4.
In summary, we have demonstrated that there are multiple inter-zinc finger interactions between ZF1 and ZF2, indicating that AEBP2 ZF1-3 may not bind to dsDNA. This finding was further confirmed through fluorescence polarization assays. In this work, we found the molecular basis of AEBP2 RRK-rich motif interacting with RBBP4, which shares the same binding interface with histone H3 and is relatively smaller. More importantly, to our knowledge, we are the first to identify AEBP2 ZF1-3 and RRK-rich motif as dual recognition for RBBP4. Our data demonstrate the structural basis and functional significance of AEBP2 associated with PRC2 activity. Further identification and analysis of the molecular basis between AEBP2 ZF-RRK and RBBP4 would provide valuable new insights into PRC2 activity regulation.
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